Introduction {#Sec1}
============

Today, an increasingly urban and interconnected world faces growing threats from emerging infectious diseases (McMichael [@CR51]; Kapan et al. [@CR37]; Bradley and Altizer [@CR5]). This is of particular concern in the developing world, where managing fast-spreading epidemics in the growing number of megacities is a pressing challenge (Rees [@CR72]). Recent epidemics have underscored the importance of linkages between host habitats and the global network of cities. The Ebola virus, for example, has long survived among wildlife reservoirs in the hinterlands of Africa, "breaking out" in towns and cities in conspicuous but otherwise local epidemics. As in earlier outbreaks, the 2014 epidemic is thought to have origins in the consumption of wild animal protein, while its spread occurred in densely populated African cities. The international threat it posed stemmed from the increasing air travel connections between these and other cities around the world.

In the case of arboviruses like Zika, dengue, chikungunya, West Nile, and malaria, whose vectors have found ready habitat in urban areas, the primary mechanism for the spread of disease from one city to the next is international trade and travel (Hay et al. [@CR30]; Tatem et al. [@CR77]; Alirol et al. [@CR1]; Weaver [@CR86]; Kraemer et al. [@CR42]). The same is true of coronaviruses such as Severe Acute Respiratory Syndrome (SARS) and Middle Eastern Respiratory Syndrome (MERS). The latter emerged in Saudi Arabia in 2012, having been transmitted between animal reservoirs such as camels and their human handlers. It has since spread throughout the surrounding region, and travel-related human infections have been recorded in Europe, North America, and East and Southeast Asia (Parlak [@CR58]; Zumla et al. [@CR99]). Urbanization and globalization have made outbreaks of these diverse zoonoses difficult to control, even with unprecedented levels of international cooperation (Khan et al. [@CR38]; Weaver [@CR86]; Chan [@CR9]; Kraemer et al. [@CR42]).

For most emerging infectious diseases, prevention is better than cure---ex ante mitigation of disease risk is more economically efficient than ex post adaptation to an outbreak (Murphy [@CR55]; Graham et al. [@CR28]; Voyles et al. [@CR82]; Langwig et al. [@CR44]). Among mitigation strategies, vaccination has been a widespread and long-established practice for many DNA viruses such as chicken pox or small pox. However, vaccination remains problematic for most RNA viruses, including Ebola, SARS, and avian influenza, due to their higher mutation rate; vaccination is simply not a feasible way to prevent the emergence of many novel zoonoses, which will inevitably encounter immunologically naïve populations. Therefore, mitigating the risks from emerging and reemerging zoonoses requires preemptive measures against their socioecological drivers (Pike et al. [@CR69]). Identifying areas where the convergence of risk factors is occurring with greatest intensity, and at the largest scales, is a logical first step in the development of a mitigation strategy. In this regard, China may be an important outlier among countries.

Assessment of the risks posed by zoonotic diseases requires an understanding of how socioeconomic, and ecological conditions affect two phenomena: emergence (the irruption of a pathogen originating in wildlife or livestock into human populations) and spread (the transmission of disease among both animals and people). In this article, we review the evidence for changes in zoonotic risks in China. More particularly, we show how income growth, urbanization, and globalization affect the likelihood of emergence and spread, using SARS and avian influenza as topical and representative examples, but also referring to other diseases when relevant. We discuss the policy implications of changes in the epidemiological environment in China, and consider how the mitigation of zoonotic risk in China could benefit the global risk environment.

China's rate of economic growth over the last 25 years has been exceptional. Real per-capita GDP (in purchasing power parity terms) rose from 1516 USD in 1990 to 12 608 USD in 2014, an average annual growth rate of over 9 %. While this has generated the resources necessary to improve biosecurity and healthcare, it has also increased the likelihood of disease emergence and transmission. The presence of major migratory bird pathways (conduits for the transmission of influenzas), habitats that encourage mixing between wild and domesticated birds, and a dramatic increase in demand for fresh meat have increased the likelihood of disease emergence. At the same time, urbanization and the growth of international trade and travel have increased the likelihood of disease spread (Wang et al. [@CR85]; Alirol et al. [@CR1]; Zhu et al. [@CR98]; Gong et al. [@CR27]; Li et al. [@CR45], [@CR46]). In 1990, only one quarter of China's population lived in cities; today, over 54 % are urban residents, and by 2030 there will be at least one billion city-dwellers, or 70 % of the population (Peng, [@CR62]). Concurrently, China's integration into international networks of trade and travel has occurred rapidly. Between 1990 and 2015, China's exports to the rest of the world grew annually by around 17 %, and although exports in this period were dominated by manufactures, exports of food and live animals grew at an only slightly lower rate. More importantly for China's exposure to global disease risk, imports of food and live animals were 7--8 times larger than exports in 1990, and have since grown by around 15 % year (World Bank [@CR93]).

Economic growth, meat consumption, and zoonotic risks in China {#Sec2}
==============================================================

The epidemiological boundary separating humans from wildlife- and livestock-borne pathogens has been breached repeatedly throughout history. At the turn of the twentieth century, it was estimated that 61 % of all known human pathogens and 75 % of all emerging diseases were zoonotic (Taylor et al. [@CR79]). Zoonotic "spillover" into human populations can occur in numerous ways. Direct contact between people and pathogen-carrying animals through, for example, the consumption of infected wildlife or livestock is a common pathway of emergence (Patz et al. [@CR60]; Murray and Daszak [@CR56]).

Increasing per-capita income has led to increasing per-capita meat consumption, and this has occurred more rapidly in China than in any other major economy. Tracking rapid rates of GDP growth and rural-to-urban migration, China's meat consumption has risen by around one-third since the turn of the century (Fig. [1](#Fig1){ref-type="fig"}). The pattern of consumption is also changing: while pork remains the main source of animal protein, chicken consumption and production are increasing more rapidly. Between 1968 and 2005, the growth in poultry numbers was around ten times the growth in pig numbers (Wang et al. [@CR85]). Nor has the growth rate of these stocks slowed. In 2013, China had the world's largest stocks of poultry and swine, at 6.63 billion and 482 million individuals, respectively. By comparison, U.S. stocks stood at 2.16 billion and 64.8 million individuals (FAO [@CR106]).Fig. 1Growth of China's poultry (**a**) and pig (**b**) stocks since 1979, compared to India and the United States

What makes the changing pattern of meat consumption significant for infectious disease transmission in China is a persisting social preference for live and freshly slaughtered meat (the primary interface for animal-to-human transmission of many zoonoses) (Pi et al. [@CR67]). As the consumption of meat grows in the coming decades, so will contact between consumers and live or freshly slaughtered animals. Over the next decade, per-capita consumption of chicken is expected to grow at an annual rate of 2.4 %, compared to 1.5 % for pork. While meat imports will likely increase, most of the growth in supply is expected to be from domestic sources. Annual production of poultry, pork, and beef is projected to rise from 70 million metric tons (mmt) today to 90 mmt by 2024 (Westcott and Trostle [@CR91]). The resulting increase in the levels and densities of pigs and poultry enlarges the potential pathogen reservoirs for zoonoses, especially influenzas.

A central mechanism that brings human, livestock, and wild animal populations together in China is the extensive network of wet markets---markets that sell live and freshly slaughtered domesticated and wild animals. Although found in many parts of the world, wet markets are particularly common in East and Southeast Asia. In China, they are the primary source of meat purchases, particularly of poultry. In Shanghai, for example, where highly pathogenic avian influenza (HPAI) H7N9 first emerged in 2013, 120 million of the approximately 190 million chickens consumed annually were purchased at wet markets (Pi et al. [@CR67]).

The spillover of H5N1 and H7N9 into human populations in China has been closely linked to these markets (Yu et al. [@CR95], [@CR96]). Wet markets are frequently underregulated, have unhygienic environments with inadequate sanitation, and are subject to poor surveillance and little biosecurity (Woo et al. [@CR92]). Although the role of wet markets is expected to diminish in the coming decades, they will still account for a significant, perhaps even the majority, share of poultry sales (Pi et al. [@CR67]). Income growth among urban consumers will increase the demand for meat, much of it bought in wet markets. Indeed, dietary preference for freshly slaughtered meat and the enduring popularity of wet markets will remain important drivers of zoonotic risk for the foreseeable future.

Urbanization and disease spread {#Sec3}
===============================

The growth of cities and changing agricultural conditions have shaped infectious disease ecology in China since at least the Tang Dynasty (seventh to tenth century CE), creating and connecting reservoirs of pathogens and vectors (Jannetta [@CR36]). However, the speed and scope of urbanization over the past three decades have been significantly greater than at any other time in the past, creating a primarily urban population for the first time in China's history. The rate of urbanization has also been markedly higher than that of other industrialized and industrializing countries. For instance, in 1979, at the start of its own economic liberalization program, India had an urbanization level of 18.6 % compared to China's 22.7 %. Today, China's urbanization has reached 54.4 % compared to India's 32.4 % (UN [@CR101]).

In China, this has expanded the interface of contact between humans, wildlife, and livestock. Urbanization and associated land-use changes, in conjunction with rising meat consumption, have brought reservoirs of wildlife diseases into closer contact with livestock and people (Wang et al. [@CR85]; Daszak [@CR15]; Daszak et al. [@CR17]; Myers et al. [@CR57]). In particular, the emergence of HPAI strains has become more likely in southern China, where the growth of an increasingly affluent urban population has driven an increase in poultry production and land-use changes that brings humans, domesticated animals, and wildlife into closer contact (Davis [@CR18]; Wallace et al. [@CR84]) (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2The intersection of dense chicken and duck populations, human populations (concentrated by urbanization), and migratory birds increases the likelihood of interspecies transmission and the emergence of new influenza strains.*Sources* Generalized bird migration routes adapted from Fang et al. ([@CR21]); poultry distribution data from Robinson et al. ([@CR100])

Changes in the configuration of natural, agricultural, and built-up land cover, as well as in the biotic and abiotic fluxes among them, also affect disease risks to people (Reisen [@CR73]; Meentemeyer et al. [@CR53]). Large and growing populations of livestock---particularly poultry---distributed across China are ideal sites of viral mutation and interspecies influenza transmission, most notably between wild and domesticated birds. China is also crossed by multiple migratory flyways, which allow numerous waterfowl and other bird species to carry avian influenza into and out of the country (Chen et al. [@CR10]; Kilpatrick et al. [@CR40]; Takekawa et al. [@CR76]; Prosser et al. [@CR71]). Across East Asia, intensively cultivated rice fields are populated by poultry and ducks, but are also ready habitats for HPAI-carrying waterfowl (Gilbert et al. [@CR25]; Paul et al. [@CR61]; Martin et al. [@CR47]; Gilbert et al. [@CR24]) (Fig. [2](#Fig2){ref-type="fig"}). The growing number of species infected by recent outbreaks of avian influenza suggests that epidemic risks are growing as a result (Webby and Webstter [@CR87]). Livestock populations are also staging posts for pathogens to enter human populations. For instance, poultry farming in China's urban and peri-urban areas increases the likelihood of H5N1 spread (Kapan et al. [@CR37]; Fasina et al. [@CR22]).

The risk of pathogen spread from diseases contracted in wet markets is exacerbated by the concentration and interconnectedness of human populations associated with urbanization (Fang et al. [@CR21]; Hogerwerf et al. [@CR33]; Paul et al. [@CR61]). Wet markets in urban areas are now recognized to be the primary locus of infection for H7N9 (Gilbert et al. [@CR24]). The high density of people makes cities, particularly the large cities that have appeared rapidly in China, force multipliers of pathogen transmission (Alirol et al. [@CR1]). Patel and Burke ([@CR59]) argue that the outbreak of SARS in Hong Kong in 2002 and 2003 "demonstrated how dense urban living could ignite a global health crisis." The first phase of the SARS epidemic involved its spread through the interconnected metropolises of the Pearl River Delta (PRD) (Wang et al. [@CR85]; Zhu et al. [@CR98]; Li et al. [@CR46]). The PRD was also an epicenter for HPAI H5N1 (see Box [1](#Tab1){ref-type="table"}) and remains a potential hotspot for other influenzas (Fig. [3](#Fig3){ref-type="fig"}), though this has yet to be reflected in public health policies in the area (Fabre and Rodwin [@CR20]).Box 1HPAI and China's urbanizationHPAI H5N1 first emerged in southern China in the late 1990s. After several outbreaks, contained with varying degrees of efficacy, it has now spread across the world, infecting people, poultry, wild birds, and other wild and domesticated animals. Income growth has driven an increase in China's protein consumption, which has resulted in a nearly 6-fold increase in domestic poultry stocks since 1979 (FAO [@CR106]). Urban wet markets are still the primary sources of poultry purchases---in Shanghai, for instance, 120 million of the 190 million chickens sold in 2013 were from wet markets (Pi et al. [@CR67]). That year, Shanghai, China's largest city at 25 million people, was the site of HPAI H7N9's *emergence*. The most likely areas of future H7N9 *spread* in China are urban areas with a high density of wet markets (Gilbert et al. [@CR24]). China is also traversed by several migratory bird pathways, bringing growing and ever-denser populations of poultry and people into contact with influenza-bearing wild birds (Chen et al. [@CR10]; Takekawa et al. [@CR76]). The heavily urbanized areas of southern China---such as the metropolitan Pearl River Delta, home to over 100 million people and a high concentration of poultry production---is at particular risk for the emergence of HPAI, and may be an important outlet for its spread within China and internationally (Davis [@CR18]; Wallace et al. [@CR84]) Fig. 3The increasing population of the Pearl River Delta urban area (*black*) and the annual rise in influenza-positive specimens from Shenzhen, one of its primary cities (*gray*).*Sources* Urbanization data from Bureau of Statistics of Guangdong Province ([@CR104]); Shenzhen influenza-positive specimen data from Cheng et al. ([@CR105])

One reason for the effectiveness of cities as force multipliers, relative to rural areas, is the higher prevalence of a range of communicable and noncommunicable diseases, including sexually transmitted diseases and cancers. Such conditions increase vulnerability to infection (Alirol et al. [@CR1]; Gong et al. [@CR27]; Li et al. [@CR46]), while comorbidity can magnify the potential virulence of zoonotic pathogens and thus their spread (Weiss and McMichael [@CR90]). In many Chinese cities, public health management has not kept pace with demographic and economic changes. Despite progress in recent decades, immunization coverage for even common infections such as tuberculosis, measles, and tetanus remains inadequate (Gong et al. [@CR27]). Infection risk is also related to the social inequality and dislocations caused by urbanization. In the Pearl River Delta in 2009, for instance, 80 % of migrants did not have access to medical insurance (Fabre and Rodwin [@CR20]). This deprivation may deter people from seeking preventative care, or even immediate care after possible infection.

China and the globalization of infectious disease risks {#Sec4}
=======================================================

The epidemiological implications of disease comorbidity---including the risks of "super-spreaders"---are perhaps even more significant at the international level. For instance, had the first SARS carrier reached the dense precincts of Durban, with its high incidence of AIDS, rather than the more ordered and hygienic environment of Toronto, the outcome may have been much worse (Weiss and McMichael [@CR90]). Of course, the probability that an infection is transmitted abroad to a given city depends on the volume of trade and travel involved, but since trade between China and South Africa has been growing more rapidly than trade with China's main international markets, this is not a trivial observation. China is now the world's largest trading nation, and in recent years its trade to nearly every region of the world has increased significantly (Fig. [4](#Fig4){ref-type="fig"}). The global infectious disease risks created by China's trade growth stem from the fact that international markets facilitate the movement of pathogens around the world as freely as commodities and people (Perrings et al. [@CR66]; Knobler et al. [@CR41]; Tatem et al. [@CR77]; Hulme [@CR34]; Perrings [@CR63]; Kilpatrick [@CR39]).Fig. 4The percent increase in the volume of commodities exported from mainland China to different global regions between 2001 and 2011.*Source* Food and Agriculture Organization (<http://www.faostat.org/>)

In history, there have been several notable moments when trade and travel have bridged the natural epidemiological discontinuities created by geography. The most famous of these is the Black Death of the thirteenth and fourteenth centuries, during which the plague bacillus *Yersinia pestis* spread from China to Europe along trade routes maintained by the Mongol Empire. The same disease had also earlier spread across Eurasia from China in the sixth century (Wagner et al. [@CR83]). That outbreak, known as the Plague of Justinian, had killed tens of millions across the Mediterranean region and critically damaged the economic and geopolitical fortunes of the Byzantine Empire (McNeill [@CR52]). Not all epidemics have Chinese origins, though. Several centuries later, overseas expansion by European powers led not only to the political and economic subjugation of foreign peoples, but also to the introduction of many new species---pests and pathogens among them (Crosby [@CR13]). The growth of maritime trade facilitated massive movements of people, plants, and animals, as well as the pathogens that these passengers and cargo carried, across the world's oceans. The so-called Columbian Exchange had particularly severe effects on human health on both sides of the Atlantic. Old World diseases such as smallpox, typhoid, typhus, and measles were introduced to the Western Hemisphere by colonizers, resulting in significant depopulation and a decisive shift in the balance of power (McNeill [@CR52]; Diamond [@CR19]; Crosby [@CR14]).

Nevertheless, China has remained a persistent and important source of infectious zoonotic disease. For instance, a plague outbreak in southwestern China engulfed the country and then spread to the rest of the world in the late 1800s. The spillover was likely mediated by rat-borne fleas, brought into contact with people due to ecological encroachments from settlement expansion (Benedict [@CR3]). This plague first spread to the port cities of the Chinese coast and thence to Southeast Asia, the United States, and Europe. In the western U.S., the bacillus remained epizootic among rodent species well into the twentieth century (McNeill [@CR52]).

The archetypal modern pandemic---the one that remains a touchstone for thinking about global infectious disease risk---is the 1918--1919 Spanish Flu. The severity of this pandemic was in large part a result of the integration forced by global conflict. Propagated by the movements of millions of servicemen during and after World War I, this strain of H1N1 influenza may have infected as many as 500 million people, or a quarter of the world's population, and killed as many as 50--100 million (Taubenberger and Morens [@CR78]). Recent forensic studies tracking mortality rates and other contemporary evidence suggest that, contrary to its name, this pandemic actually originated in China (Langford [@CR43]; Humphries [@CR35]). Indeed, China has been the epicenter of influenza both before and after the "Spanish Flu." At least two of four historically documented pandemics originated in China before 1918, as did both of the subsequent pandemics (Potter [@CR70]) (Fig. [5](#Fig5){ref-type="fig"}).Fig. 5The geographic distribution of confirmed outbreaks of novel and/or pandemic influenza strains since 1900. Of the four pandemic strains, three emerged in China. Adapted from: <http://www.niaid.nih.gov/topics/Flu/Research/Pandemic/Pages/TimelineHumanPandemics.aspx>

The mechanism behind the global spread of diseases after 1918 has been the ever-closer integration of the world economy. Habitat suitability and transport distance determine the potential dispersal patterns of infectious disease vectors (Tatem et al. [@CR77]), while the relative costs and benefits of trade and infectious disease determine the likelihood that pathogens will be spread this way (Perrings [@CR64]). The potentially high cost of the SARS epidemic led to prompt preventive action, but the volume of travel meant that the pathogen still managed to reach every continent. In East Asia alone, SARS resulted in at least a 2 % decline of GDP (Brahmbhatt [@CR6]). It has been estimated that the economic losses from a major influenza pandemic could be as high as \$7.3 trillion (12.6 % of global GDP)---a downturn on par with the Great Depression---and cause over 140 million deaths (McKibbin and Sidorenko [@CR49]).

Policy implications of China's zoonotic disease risks {#Sec5}
=====================================================

Given its role as the "cradle of influenza" (Davis [@CR18]), and many other zoonoses, China should be a focus of international efforts to mitigate future infectious disease risk. It is likely that the factors that facilitated the global spread of the 1894 plague and the 1918--1919, 1957, and 1968 influenza pandemics that originated in China are even more forceful today. The lesson of recent decades is that zoonoses such as HPAI, SARS, and Ebola cannot be reliably contained at the local, national, or even continental level. It follows that infectious disease risk mitigation is a product not only of the probability of emergence, but also of the probability that an outbreak will be propagated to other parts of the world.

Design and implementation of risk mitigation strategies require an understanding of the factors affecting the probability that zoonoses will emerge, and the likely pattern of their spread (McMichael [@CR50]; Daszak et al. [@CR17]; McMichael [@CR51]; Daszak [@CR16]; Castillo-Chavez et al. [@CR8]). With regard to China, in particular, this involves understanding the way that income growth, urbanization, and globalization interact with predisposing socioecological conditions (including changes in the interface between wild and domestic species, and cultural practices surrounding the consumption of those species) to alter the likelihood of emergence.

We also need an improved understanding of the role of more widespread processes in changing epidemiological environments. Climate change is expected to alter ecosystem processes and functioning in ways that will influence the emergence and reemergence of infectious diseases worldwide (Morens et al. [@CR54]; Piao et al. [@CR68]), particularly for vector-borne pathogens (Hales et al. [@CR29]; Chretien et al. [@CR11]). In China, climate change, including changes in the El Nino-Southern Oscillation (ENSO), is expected to increase human vulnerability to a spectrum of infectious diseases such malaria, dengue, and Japanese encephalitis (Bi et al. [@CR4]; Bai et al. [@CR2]). Mitigating the infectious disease risks of climate change---both for vector-borne and directly transmissible zoonoses---requires a deeper understanding of how it interacts with urbanization and globalization to alter the vulnerability of human populations (Tong et al. [@CR80]). Encouragingly, a recent survey of provincial public health workers in China found that the large majority had "accurate" (i.e., in line with existing scientific consensus) perceptions and knowledge about climate change and its likely impacts on infectious diseases (Wei et al. [@CR89]).

A second requirement for successful policy is to look beyond standard epidemiological measures for risk indicators. For avian influenza, outbreaks among wild birds, poultry, and people reveal patterns that suggest new indicators (Fig. [2](#Fig2){ref-type="fig"}). The urban areas bestriding the Pearl River and Yangtze River deltas were the emergence areas for H5N1 and H7N9, respectively. Empirical studies have shown how both outbreaks were facilitated by similar socioecological changes (as discussed in preceding sections). Because of this, it has been argued that wet markets could be used as an early-warning system to detect emerging zoonoses (Webster [@CR88]), and that control measures could focus on the norms and incentives underlying human-to-animal interactions in the marketplace (Goldman et al. [@CR26]; Woo et al. [@CR92]; Gao [@CR23]; Pi et al. [@CR67]).

A third requirement is to enable public health infrastructures to respond to a range of threat indicators. SARS and HPAI, and the experiences of dealing with other zoonotic risks in recent years, have motivated Chinese policymakers to improve their capacity to respond to emerging infectious diseases. Responsiveness, information dissemination, and infectious disease surveillance have all improved since the initial SARS and H5N1 outbreaks (Wang et al. [@CR85]). The Ministry of Health has created the world's largest online, real-time, case-based reporting system, called the China Information System for Disease Control and Prevention, with coverage from the national down to the county level (Wang et al. [@CR85]; Gong et al. [@CR27]; Li et al. [@CR45], [@CR46]). This system is connected to a network of Center for Disease Control and Prevention (CDC) institutes (<http://www.chinacdc.cn/en>), which collaborates with government-funded labs and other academic organizations focused on zoonotic diseases (Wang et al. [@CR85]; Zhang et al. [@CR97]). As of 2014, there were 3490 CDC institutes across China (NBS [@CR102]). Nonetheless, surveillance and the overall public health infrastructure still have several weaknesses, namely undercoverage of rural areas (where zoonoses, particularly those borne by livestock, may originate), lack of training for health professionals in poorer areas, and a low per-capita level of funding (Tong et al. [@CR80]).

Indeed, these weaknesses may have been reflected in the fact that management of zoonotic diseases has largely been ad hoc. The reactions to HPAI outbreaks included widespread wet market closures and trade restrictions. While this limited the spread of H7N9 after its initial occurrence (Webster [@CR88]; He et al. [@CR31]; Yu et al. [@CR96]), it was also very costly to authorities, vendors, and consumers, and is unsustainable as a policy framework for the long run (Gao [@CR23]). Additionally, given the significant traditional values attached to wet markets and the live animal trade, policies of that kind may abrade cultural sensibilities. For instance, abrupt and prolonged closures of live animal markets may deprive people of a traditional venue for social interaction (Goldman et al. [@CR26]; Woo et al. [@CR92]; Gao [@CR23]). Improving public awareness and knowledge has been one form of intervention, but more generally management has tended to take the form of response rather than prevention. But given the changing zoonotic risks, mitigation (e.g., management at the human--animal--wildlife interface in anticipation of mutation and spillover) is likely to be more cost effective than adaptation (e.g., reducing contact rates through social distancing and trade and travel restrictions after an outbreak) (Pike et al. [@CR69]).

A fourth requirement is to build the collective capacity to mitigate international risk. Evidence that this has received higher priority in recent times is China's greater involvement in World Health Organization (WHO) initiatives (Wang et al. [@CR85]; Zhang et al. [@CR97]). The U.S. Agency for International Development also has active programs in China assessing the risks of emerging zoonoses (e.g., the Emerging Pandemic Threats program: <http://www.usaid.gov/ept2/>). Such ventures may provide an important medium for "science diplomacy"---i.e., using research collaboration and the exchange of ideas as a platform to improve geopolitical relationships---between the two largest economies, and trading nations, in the world (Hoetz [@CR32]). Additionally, Chinese health workers have, since 2001, received training from the WHO and the U.S. Center for Disease Control, although as of 2014 only 194 had graduated from the program (Tong et al. [@CR80]). As with domestic disease surveillance and management efforts, this has implications for the allocation of resources needed to support initiatives and institutions.

Finally, the underlying research efforts to model risk at different spatial scales and inform policy need to include factors that affect not only the abundance of susceptible, latent, infectious, and recovered individuals, but also the likelihood of contact and transmission. There would be value in exploiting a class of models in economic epidemiology that addresses the decisions made by people and policymakers that affect the likelihood of both host contact and infectious disease transmission (Perrings et al. [@CR65]). Income growth, rising trade in goods and services, and the demographic and land-use changes caused by urbanization all affect private infectious disease risk management, and so should inform the public response. The development of infectious disease models for China that capture such risk factors would have the potential both to enhance management domestically, and to comprehend the risks from trade and travel links with the rest of the world.

In certain respects, the nature of infectious disease risk mitigation is similar to the nature of climate change mitigation. In both cases, there is a closing window for timely action. In both cases, too, the mitigation of global risk depends heavily on the efforts of a small number of countries, each of which has a disproportionate impact on global risk (Pike et al. [@CR69]). To that end, improving the management of infectious disease risk in China is a necessary, though not sufficient, condition for managing such risks globally.

Concluding remarks {#Sec6}
==================

It has been argued that the world has been undergoing an epidemiological transition, in which rising incomes and the dissemination of improved technologies and good practices has shifted the burden of disease away from communicable toward noncommunicable diseases (McKeown [@CR48]; Sepulveda and Murray [@CR74]). In part, this is because development generates greater resources for biosecurity and the prevention and treatment of infectious disease. There is ample evidence that an epidemiological transition is underway in China. Rising affluence has lessened the burden of infections that once were socially devastating, such as malaria and tuberculosis, but has increased noncommunicable diseases, such as cancer, heart disease, and obesity (Yang et al. [@CR94]). At the same time, globalization has increased the potential for domestic infections to be exported to countries where infectious diseases are still the greater part of the disease burden (Bygbjerg [@CR7]). Indeed, emerging infectious diseases have been identified as one of a few "catastrophic risks" facing humanity in the twenty-first century, especially for developing countries (Rees [@CR72]). In China---which, despite its remarkable development in recent decades, remains an "emerging" economy---novel zoonotic risks have accompanied the classic health trends of the epidemiological transition (Cook and Drummer [@CR12]).

Large developing countries such as India, Indonesia, and Nigeria have a similar set of predisposing socioecological risk factors to China---e.g., large and growing human and livestock populations, high levels of interaction between species, and large-scale ecological change. As the forces of economic modernization accelerate, so could the zoonotic risks that such countries face. Unlike China, many of these countries are still in the early stages of the epidemiological transition. While they are becoming more exposed to disease risk through the growth of trade and travel, they still experience many of the public health conditions that increase vulnerability to infections. For instance, "silent epidemics"---i.e., those caused by high-risk pathogens that have not received international attention, and that are only pervasive at a local scale---may yet flare into epidemics of global impact. A salient example is buffalopox, an emerging and reemerging zoonosis that has recorded many animal outbreaks and human cases in South Asia. The pathogen dynamics indicate a reasonably high level of transmissibility between livestock and people, and the forces of income growth, urbanization, and globalization could contribute to its further spread (Singh et al. [@CR75]; Venkatesan et al. [@CR81]).

The degree to which China's public health authorities and researchers, along with their international collaborators, keep pace with income growth, urbanization, and globalization---and how these changes interact with China's predisposing socioecological conditions---will be a major force shaping global epidemiology. China is not the only emerging infectious disease hotspot, but it is among the most important. As the world continues to navigate a potentially new era for infectious diseases, the management of risk in China will be critical to the management of risk everywhere.
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